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Abstract

The need for renewable and carbon-neutral energy is growing as fossil fuel supplies decrease and concerns of
climate change increase. C4 grasses are among the most efficient carbon accumulators. Sugarcane (Saccharum
officinarum) is a renewable bioenergy crop with low inputs and high yields, but it is limited to tropical and
sub-tropical climates. A close relative, Saccharum spontaneum, readily hybridizes with S. officinarum. S.
spontaneum lends cold tolerance and higher yields to the hybrid progeny, called energycane. The Sugarcane
Breeding Unit (USDA, Houma, Louisiana, USA) selected twenty-six genotypes for testing at Mississippi State
University to determine production and cold tolerance at latitude 33.4552° N. Twenty of these genotypes were
chosen after the first year for further testing against an energycane check (Ho02-113) and a sugarcane check
(L01-299). Seed cane were harvested and planted in the fall of 2019 and 2020 in randomized complete block
design with four replications. Plots were 6.1 x 1.8 m, fertilized once at a rate of 168 kg N ha-1. Cane heights
and stand counts were collected to monitor genotype growth. At the end of the season, canes were taken for
fresh weight, dry weight, °Brix, and sap volume. End of season characteristics of first year growth were: Mean
height ranged from 73 to 204 cm; cane number ranged from 9,530 to 68,171 canes ha-1. Plot fresh weights
ranged from: 19.9 to 61 Mg ha-1. Mean value of °Brix ranged from 8.9 to 13.7. Mean extractable sap volume
ranged from: 2311 to 16,821 L ha-1. Theoretical ethanol yield was calculated for sap and from dry matter. Total
theoretical ethanol yield ranged from 939.8 to 3261.2 L ha-1.

Introduction

Fossil fuels’ adverse effect on the environment and finite supply are two major concerns facing energy
consumption today. Only about 50 years’ worth of petroleum remain according to a world study on fuel by
British Petroleum in 2016 (BP Statistical Review of World Energy, 2016). The U.S. was the largest single
consumer of oil in 2018 according to the U.S. Energy Information Administration (2020). With increasing
demand for fuel and diminishing supplies, renewable sources of fuel must be utilized. Biomass from perennial
grasses offers renewable sources of energy with lower inputs than annual crops, and their use has been on the
rise. Renewable energy (including biofuels) grew by the largest increment for any source of energy in 2019,
and U.S. was the second largest contributor to their growth (SRWE, 2020). Sugarcane is a renewable and highyielding source of liquid fuel. Ethanol production from sugarcane already accounts for 15% of Brazil’s total
liquid fuel consumption and 50% of light vehicle fuel consumption. In the U.S., the mandated goal for of
alternative liquid transport fuels is 136 billion liters by 2022. Corn ethanol is capped at 42% of that goal (57
billion L yr-1; Fedenko et al., 2013). Energycane is a hybrid between commercial sugarcane (Saccharum
officinarum) and the wild species Saccharum spontaneum. Saccharum spontaneum can be found across Asia
and is adapted to many environments. The S. spontaneum germplasm used to generate the genotypes in this
study came from the Tibetan Himalayas (a much colder climate than is suitable for sugarcane). Energycane
does not produce as much sugar as sugarcane, but produces more lignocellulosic biomass, which can also be
used to produce fuel. The use of lignocellulosic biomass to produce fuel is referred to as “second-generation.”
could as much as double the production of ethanol that sugarcane offers (Waclawovsky et al., 2010). This
study aims test energycane genotypes at 33.4552 °N latitude to evaluate cold-tolerance and viability as a
bioenergy crop.

Methods and Study Site

This research was conducted at Mississippi State University at the H.H. Leveck Animal Research Center
(33.423582, -88.792412) near Starkville, MS. The germplasm in this study is derived from energycane
breeding material that was provided by Dr. Anna Hale (USDA-ARS, SRU; Houma, LA). Twenty genotypes
were selected for testing: AFRI15-1, 3-9, 11-13, 15, 18, 19, and 20-25. A released energycane variety,
designated Ho02-113, and a sugarcane variety, L01-299 served as a checks for this study. The genotypes were
planted randomized in a complete block design with four replications in the fall of 2019. The soil is
characterized as Catalpa silty clay loam, classified by fine, smectitic, thermic Fluvaquentic Hapludolls. Rows
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were 12.2 m (40 ft.) long and 1.8 m (6 ft.) on center. To plant at this location, furrows were pulled across the
entire planting site. Seed canes were cut and the apical meristem of the cane removed to make each cane to be
planted measure either 1.8 m, 2.4 m, or 3 m depending on original height. Seed cane were laid in every other
furrow overlapping by approximately one third of each cane length. Canes that were 1.83 m, were planted 10
to a furrow, 2.44 m planted 7 to a furrow, and 3.05 m planted 6 to a furrow. Canes were covered with soil
using a three-point tilt scraper blade. Phosphorous, potassium, and lime were applied based on soil test.
Nitrogen (UAN; 30-0-0-5S) was applied at a rate of 168.13 kg ha-1 using a knife rig on 17 June.
Stalk heights and stand densities were taken starting on the 16 June and ending on the 15 October. Weekly
mean heights were graphed to visualize relative growth and rate of growth, and determine the onset and
cessation of the Grand Growth period. Heights were taken from each cultivar via random sample of five canes
per plot and the mean of each genotype was calculated. Stand densities were obtained by counting each stem
in each plot and calculating stalks plot-1 to stalks ha-1.
End of season harvest was performed with a Cibus S Wintersteiger® plot harvester (Ried im Innkreis, Austria).
A random cane was sampled from each plot in each replication. Whole canes were crushed in a three-roller
electric sugarcane juicer (Plant Based Pros®, Jersey City, NJ). Two °Brix readings were recorded and averaged
to generate a mean for each genotype. The total volume of juice extracted for each genotype was recorded.
After juicing, crushed canes were weighed and dried to completion for dry matter determination. Each plot
was harvested and weighed. A sub-sample of canes chopped by the harvester from each genotype was obtained,
weighed, and dried to verify moisture determination. The means for wet weight, dry weight, °Brix, heights,
and sap volume of each genotype for all four replications were calculated. The data of each analysis was run
for mean separation via ANOVA and LSD.
To predict fermentation ethanol yield from sap, stalk counts for each plot were calculated to stalks ha-1. Sap
volume from the sample cane from that plot was multiplied by stalks ha-1 to get L ha-1. This number was
multiplied by the °Brix reading as a percent for the sample cane from that plot to obtain soluble sugars ha-1.
Eq. #1 Sap volume (L) ha-1 x (°Brix x 0.75) x 0.581 = theoretical ethanol (L) ha-1
(Wortmann et al., 2010)
Soluble sugar ha-1 was multiplied by 0.75 assuming that 75% of the °Brix reading is fermentable by yeast. This
value was then multiplied by 0.581 according to the stoichiometry of yeast fermentation: C6H12O6 + yeast =
2C2H5OH + 2CO2.
To estimate second-generation theoretical ethanol yield from hydrolysed cellulosic biomass, dry matter (Mg
ha-1) was multiplied by 174.2 (a constant) to get ethanol L ha-1 (Equation 2).
Eq. #2 Mg ha-1 x 174.2 = L ha-1

(Dias et al., 2012)

To calculate total theoretical ethanol yield, the theoretical ethanol yield from sap was added to the theoretical
ethanol from dry matter. The total theoretical ethanol yield means were then run using the PROC MEANS and
PROC GLM to obtain mean separation.

Results

Monitoring growth indicated that all genotypes began Grand Growth the first week of July when soil
temperatures at a depth of 20 cm were at 30 °C. Genotypes were still in Grand Growth at the 15th of October
even though the soil temperature at 20 cm in depth had dropped to 15 °C with the exception of genotype AFRI
15-9. Variance around the means, prevented the determination of a single “tallest” genotype. Genotypes
AFRI15-3, 5, 25, 23, and 13 ranked as the five greatest mean heights, respectively. The energycane check,
Ho02-113, was ranked third shortest. There were no significantly differences for ethanol from sap. With regard
to extractable sap, 16 genotypes exceeded energycane check; four genotypes exceeded sugarcane check. When
calculating theoretical ethanol yield from dry matter, two genotypes exceeded both checks. There was no
significantly highest total theoretical ethanol (LSD 0.05 = 967 L ha-1). The genotypes with the greatest ranking
for total theoretical ethanol yield were AFRI15-25, 8, 21, 13, and 3 with 3261, 3067, 2999, 2991, and 2981 L
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ha-1, respectively. Ho02-113 yielded 2386 L ha-1. The ANOVA indicated a replication effect; replication 1
had the lowest yields in every category and replication 4 the highest yields.

Discussion [Conclusions/Implications]

The replication effect can be attributed to drainage issues in replication 1 which contributed to high variation
around the means, preventing clear mean separation. The genotype AFRI15-3 ranked in the top five in every
category. AFRI15-21 and 8 ranked in the top five for theoretical ethanol yield. AFRI15-13 was not in the top
five for ethanol from sap, but ranked in the top five for theoretical ethanol from dry matter and as a result for
the total; indicating this genotype makes up in lignocellulosic biomass-derived ethanol what it lacked in sap
production. Based on these data, a strong genetic influence from the S. spontaneum parent is present in these
genotypes. AFRI15-25, 8, 21, 13, and 3 should be considered for further testing and breeding as bioenergy
crops for extreme latitudes. These genotypes out-performed the released variety Ho02-113 in every category
at this northern location. Although many genotypes did not yield as much calculated ethanol as commercial
sugarcane in Brazil (Waclawovsky et al. 2010), Starkville is 3663 kilometers north of the equator. Based on
their cold tolerance and perennial nature, they still have valuable as bioenergy crops at temperate locations.
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